Background: Longer nephrology care before end-stage renal disease (ESRD) has been linked with better outcomes.
Introduction
In 2012, a total of 114 893 individuals in the USA reached endstage renal disease (ESRD) [1] . For those approaching ESRD, clinical practice guidelines cover multiple care domains, such as optimal management of blood pressure, diabetes and anemia, as well as preparation for ESRD, including timely vascular access placement or referral for kidney transplantation [2] . The involvement of a nephrologist throughout the more advanced stages of chronic kidney disease (CKD), preferably in collaboration with a multidisciplinary team, has been strongly recommended [3] . Earlier referral provides the nephrologist time to identify and manage reversible conditions, ensure avoidance of nephrotoxic agents, administer specific therapies, recommend dietary and lifestyle changes to slow the progression of kidney decline, manage comorbidities and complications and institute regular follow-up, education and activation of social support. Even if progression to ESRD is inevitable, earlier nephrology care can optimally prepare the patient for renal replacement therapy, both physically and mentally.
Early studies considering the impact of nephrologist involvement prior to ESRD generally assessed only a few months of care (e.g. 1-4 months prior to ESRD onset). More recent publications have considered periods longer than the Kidney Disease Outcomes Quality Initiative (KDOQI)-recommended minimum of 6 months of pre-ESRD care. Results from the national Choices for Healthy Outcomes in Caring for ESRD (CHOICE) study suggested that increased nephrologist involvement was associated with improvements in patient preparation and outcomes [4] . Other studies have indicated that the involvement of a nephrologist prior to initiating dialysis improves a patient's readiness for dialysis [5] [6] [7] , access to transplant waiting lists [8] and first-year survival after the start of dialysis [9] [10] [11] [12] [13] [14] [15] . These studies reported on selected populations, with data collected prior to 2008.
We analyzed more recent and nationwide US ESRD data from 2006 through 2010 to explore variations in pre-ESRD nephrology care among incident ESRD patients and its association with mortality at both the patient and state levels. We hypothesized that a longer duration of pre-ESRD care would be associated with improved outcomes at, and following, the onset of ESRD. Analyses were performed at both the usual patient level and the region/ state level, which have implications for policymakers for improving population health.
Materials and methods

Study design
The U.S. Department of Health and Human Services' Centers for Medicare and Medicaid Services (CMS) provides federally managed health insurance for those with ESRD. Data from the CMS Medical Evidence Form 2728 are required to be submitted prospectively for all incident ESRD patients in the USA [16] . Questions added to Form 2728 in 2005 included 'Prior to ESRD therapy: was the patient under care of a nephrologist (yes, no, unknown)? If yes, was the duration 6-12 months or >12 months?' An answer of 'yes' to the first question but no answer to the second question was considered to be a duration of <6 months. Other questions requested information on the type of vascular access used on first outpatient dialysis, and whether the patient was informed of transplant options.
All 
Predictors and outcomes
Additional data collected from Form 2728 included patient demographics, comorbid conditions, health insurance coverage and recent (within 45 days) laboratory results. Mortality data were identified via linkage with CROWNWeb (Consolidated Renal Operations in a Web-enabled Network), the CMS Renal Management Information System (REMIS) and CMS Form 2746 (ESRD Death Notification). When multiple mortality dates were recorded (n = 18), the median was used for analyses; most differences were of just a few days. State of residence was as reported at the time of ESRD onset; states were grouped by US region (I-X), as defined by the CMS.
We chose to examine first-year mortality after the onset of ESRD among dialysis patients because first-year mortality is particularly high and is most likely affected by pre-ESRD exposures [17] . Outcome indicators of health and ESRD preparedness were serum albumin >3.5 versus ≤3.5 g/dL, hemoglobin >11 versus ≤11 g/dL, choice of peritoneal dialysis (PD) versus hemodialysis (HD) in dialysis patients, availability of a mature graft or fistula versus catheter and whether informed of transplant options versus not informed among dialysis patients.
Statistical methods
Separate analyses were conducted with each of the following types of outcomes: (i) indicators of health and ESRD preparedness at the start of ESRD (data from 2006 to 10) and (ii) mortality in the first year of dialysis at both the individual and state levels (data from 2007 to 10).
All indicators of health and ESRD preparedness outcomes, dichotomized into more versus less desirable categories, were assessed for their association with the duration of pre-ESRD care (four categories) using logistic regression. In addition to the duration of pre-ESRD care, other covariates included in the models were age, gender, race, ethnicity, body mass index (BMI) at ESRD incidence, diabetes as the primary cause of ESRD, comorbidities at incidence (congestive heart failure, atherosclerotic heart disease, cerebrovascular disease, other cardiac diseases, chronic obstructive pulmonary disease, peripheral vascular disease, diabetes, cancer, tobacco use, alcohol dependence, drug Nephrology care prior to ESRD in the USA | 773
dependence, inability to ambulate and inability to transfer), nursing home status and year of incidence. Associations of the duration of pre-ESRD care with each of these outcome indicators are presented as adjusted odds ratios (ORs) and 95% confidence intervals (CIs).
Time to death within the first year of dialysis was modeled using Cox regression censored at the earlier of transplant or Day 365 since first dialysis. The duration of pre-ESRD care was the exposure of primary interest, with adjustment for the same covariates listed in the previous paragraph. Unadjusted and partially adjusted models were also fit to assess possible confounding. Hazard ratios (HRs) and 95% CIs are presented. For some analyses, states were grouped by region (I-X) as defined by the CMS.
In addition to the individual-level analyses described above, a state-level ecologic analysis was performed in the dialysis population to assess the association between the proportion of patients with >12 months of pre-ESRD nephrology care and first-year mortality, where both the predictor and outcome were adjusted for the same covariates (age, sex, race, ethnicity, diabetes, nursing home status, BMI and comorbidities at ESRD onset and state age-adjusted race-specific death rate). The outcome was the average of the 2007-9 year-specific standardized mortality ratios (SMRs) for each state compared with the US dialysis population. These SMRs were obtained from the CMS Dialysis Facility Reports Technical Notes on the Standardized Mortality Ratio for the Dialysis Facility Reports [18] . The predictor was the estimated proportion of new ESRD patients in each state with >12 months of pre-ESRD nephrology care, standardized for the same covariates as the SMR (except the state death rate). Each standardized proportion was obtained by using logistic regression to estimate the predicted probability of >12 months pre-ESRD nephrology care for each patient, then averaging those probabilities across all patients in the state. Linear regression was used to estimate the ecologic association between the standardized proportion of patients with >12 months pre-ESRD nephrology care and the SMR. Data were analyzed using SAS 9.3 (SAS Institute, Cary, NC, USA).
Results
Of the 443 761 incident cases of ESRD in the USA included in this study, 33% had received no nephrology care prior to ESRD onset, 14% had received <6 months, 25% had received ≥6 but ≤12 months and 28% had received >12 months of care prior to ESRD onset (Table 1) . Almost half (49%) were ≥65 years of age, 38% were age 45-64 and <1% were of ≤18 years of age. Diabetes was listed as the primary cause of ESRD for 59% of these individuals, 86% had hypertension, 7% had no health insurance and <1% were nursing home residents.
Any nephrology care prior to ESRD onset (versus no care) was associated with better health status and preparedness at the start of ESRD (Table 2 ). In these adjusted analyses, pre-ESRD nephrology care was positively associated with initial serum albumin >3.5 g/dL, hemoglobin >11 g/dL and having been informed of transplant options. Pre-ESRD nephrology care was strongly and positively associated with initial PD versus HD [OR for >12 months versus no care = 5.50 (95% CI 5.29-5.73)] and initial graft or fistula versus catheter access [OR = 11.3 (95% CI 11.0-11.5)].
Although not formally analyzed due to small numbers, preemptive transplants were received by only three patients who had no pre-ESRD nephrology care, but by 13, 15 and 47 patients who had <6, 6-12 and >12 months of pre-ESRD nephrology care, respectively.
There was an inverse dose-response association between the duration of pre-ESRD nephrology care and the mortality rate in the year after dialysis onset (Figure 1 ). Compared with patients with no prior nephrology care, the adjusted HR was 0.73 (95% CI 0.71-0.74) for patients with <6 months of care, 0.72 (95% CI 0.70-0.73) for patients with 6-12 months of care and 0.58 (95% CI 0.57-0.59) for patients with >12 months of care. Figure 2 shows the ecologic association between the standardized proportion of new ESRD patients with >12 months of pre-ESRD nephrology care (X-axis) and the SMR for first-year mortality (Y-axis) among all US states. States with a 10% higher standardized proportion of patients receiving >12 months of pre-ESRD care had, on average, a 9.3% lower SMR (R 2 = 0.47; P < 0.001).
Figure 3 summarizes adjusted associations between patient characteristics and >12 months of pre-ESRD nephrology care versus no care. The strongest predictor of this outcome was insurance status [OR for insured versus uninsured = 3.6 (95% CI 3.5-3.8)]. There was also a positive monotonic association between BMI and the duration of pre-ESRD nephrology care. Other groups with more pre-ESRD care included age <18 years (versus older) and hypertension (versus no comorbidity listed in Figure 3 ). More than 12 months of pre-ESRD care was less frequent in African Americans and Native Americans (versus whites) and Hispanics (versus non-Hispanics). There was considerable variability in pre-ESRD nephrology care across the nine CMS regions. More than 12 months of pre-ESRD care was most common in Regions I (New England states), X (Alaska, Idaho, Oregon, Washington) and VIII (Colorado, Montana, North Dakota, South Dakota, Utah, Wyoming).
Discussion
Although a number of studies have examined the link between pre-ESRD care and patient outcomes after ESRD onset, this is not only the largest study of its kind to date, including >400 000 incident ESRD patients throughout the USA during a recent 5-year period (2006-10), but it is also unique in that it reports the results of an analysis at the state level. Results indicate that US states that demonstrate a greater proportion of patients receiving longer nephrology care prior to ESRD have lower SMRs at their dialysis facilities. While this result may simply be due to the contextual effects of living in a state that has other factors/policies that improve access to care or health status, it raises the possibility that if states/regions were to make concerted policy efforts to ensure a longer duration of pre-ESRD nephrology care, the mortality rates at their dialysis facilities could potentially improve.
Consistent with previous reports from many smaller US studies [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , as well as international studies [19] [20] [21] [22] [23] , our results indicate that a longer duration of pre-ESRD nephrology care is associated with both better patient readiness for ESRD and greater 1-year survival after the start of dialysis. Patients receiving at least 12 months of nephrology care were more likely to be better informed of their ESRD options including PD and transplant, more likely to have a preemptive transplant or have a functional graft or fistula in place for dialysis, have more favorable laboratory values at the start of ESRD and have a higher probability of surviving the critical first year of dialysis treatment. In spite of these benefits, one-third of new ESRD patients were found to have had no pre-ESRD nephrology care, and such care varied appreciably across US regions. Many who initiated ESRD therapy were from expected high-risk populations (i.e. older, diagnosed with diabetes and/or hypertension, with disproportionate representation of minorities). However, nearly half of this incident population was <65 years of age, a third were of normal or low BMI and nearly 10% were uninsured, all factors that may make them less likely to be identified by the healthcare system or to see a nephrologist for care.
Results linking individual-level nephrologist care and patient survival during the first year of dialysis were also seen at the state level, even when adjusting for individual patient characteristics. These results may reflect the contextual effect of living in a state with more nephrology care, controlling for individual pre-ESRD nephrology-care status. Alternatively, they may reflect the individual-level effect of receiving nephrology care earlier in the course of CKD (as suggested by our findings in Figure 1 ) or ecologic bias resulting from missing data in the state-level analysis; those two effects are confounded in our ecologic analysis [24] . Furthermore, the ecologic findings may also be confounded by unmeasured patient-level or state-level factors such as healthcare policies or programs affecting population awareness and access. Given the strong association we observed between health insurance coverage and longer duration of pre-ESRD nephrology care, we might expect the Affordable Care Act to have a noticeable impact on CKD nephrology care and early ESRD mortality.
Results presented here show that the majority of US ESRD patients do not receive at least 12 months of pre-ESRD care, with wide variation in the length of care across the country. Although 12 months of pre-ESRD care was found to be optimal in our study, Bradbury et al. [25] found that any predialysis nephrology care improved postdialysis mortality, with the greatest benefit found during the first 4 months of dialysis. Barriers to pre-ESRD care arise from a variety of sources, with a major factor being healthcare access. As our results show, pre-ESRD care was related to patient characteristics, including demographics, insurance status and health indicators. These results are consistent with the findings of McClellan et al. [15] , who emphasized patients' socioeconomic status as a major predictor of access to nephrology care, and related geographic variation in care to zip codes of residence associated with poverty. Crews et al. [26] found that low socioeconomic status was associated with a much larger association with kidney disease in African Americans than in whites. In addition, there is a growing body of literature detailing, at both the individual and healthcare-system levels, a lack of awareness of declining kidney function [27] [28] [29] [30] . National Institutes of Health-based initiatives, such as the National Kidney Disease Education Program, aim to increase awareness of CKD at both the patient and provider levels, which may lead to corresponding increases in nephrologist care [31] . Another potential barrier to care is the availability of practicing nephrologists to meet the needs of a growing population with CKD [32, 33] . Delay of primary care physicians in referring patients to nephrologists represents another barrier to optimization of care [34] that might explain the significant proportion of 'acute' discoveries of ESRD. Advancements in healthcare information technology [e.g. computerbased decision support systems and automated reporting of estimated glomerular filtration rate (eGFR)], as well as the development of organized CKD clinics and CKD registries, may alleviate some of these deficiencies by reminding clinicians from both primary and specialty care to test, manage and appropriately refer individuals with established kidney disease as well as those with identified kidney disease risk factors [35, 36] . In this context, research into system changes that could reduce barriers to nephrology care, improve patient outcomes and reduce health disparities is needed.
Limitations of this study include a lack of data to adjust for potential confounders such as a patient's socioeconomic status, social support network, awareness of disease, general access to care, symptom severity or prior rate of CKD progression. A second limitation is that '<6 months' on the Form 2728 question on the duration of pre-ESRD care could only be selected by nonendorsement of the other two categories; this choice was indistinguishable from nonendorsement because the duration of nephrologist care was unknown, possibly leading to misclassification. A third limitation is the nonavailability of a patient's eGFR at their first nephrology visit, as internationally recognized guidelines such as those from the KDOQI and Kidney Disease: Improving Global Outcomes base nephrology referral on a patient's eGFR or CKD stage. Similarly, the number and quality of nephrology visits within the indicated duration of care were unavailable. This additional information could be addressed prospectively by ongoing studies such as the Chronic Renal Insufficiency Cohort study [37] . Perhaps the major limitation of this study is that the study population was restricted to new ESRD patients. Thus, it does not allow us to directly address the fundamental question of interest for guiding clinical practice: at what point in the course of CKD should individuals initiate nephrology care? Recommending referral at least 12 months before ESRD requires inaccessible knowledge of the future. To address this fundamental clinical question, we would need to follow patients with CKD from earlier stages to the start of ESRD or death, using an observational or randomized design.
Because the duration of pre-ESRD nephrology care from the Medical Evidence Report (Form 2728) is not strongly correlated with that variable from Medicare claims [38] , we recognize that our variable is likely measured with error, which could have biased our results. The direction of such bias, however, would probably be toward the null value of HR = 1, unless the amount of misclassification was strongly and monotonically associated with mortality, conditional on measured covariates, which seems unlikely. Thus, the strong associations we observed were not likely due to misclassification bias. Furthermore, our estimates of the relative hazard of mortality with and without prior nephrology care are consistent with those of Bradbury et al. [25] .
In conclusion, we found that a large proportion of new ESRD patients in the USA had not received pre-ESRD nephrology care, and the average duration of such care varied widely across the country. Our findings suggest that early nephrology care of CKD patients may, if the disease progresses to ESRD, reduce firstyear mortality after ESRD onset, presumably by improving the patient's health and readiness for renal replacement therapy. Our state-level analysis suggests significant variation in this pattern of care among US states and indicates the potential benefits of policy-driven, earlier CKD care for ESRD patients living in regions with lower rates and with longer duration nephrology care. In this context, the proportion of CKD patients receiving timely nephrology care is likely to improve with greater availability of health insurance under the Affordable Care Act, which may yield health benefits to persons with CKD/ESRD through improved access to care as well as general health promotion efforts.
The Department of Health and Human Services' Healthy People 2010 (HP2010) objectives to improve pre-ESRD care ( particularly nephrology referral and arteriovenous fistula placement) have been retained in the proposed HP2020 objectives [39] . These national objectives, as well as the ongoing multipronged response to CKD that US federal agencies have developed [40] , should continue to help policymakers focus efforts and allocate resources appropriately. The results provided here should stimulate thoughtful discussion on developing public health strategies to encourage earlier referral to a nephrologist among all socioeconomic groups. Such strategies have the potential to improve outcomes for those with CKD and ESRD. created all figures; manuscript preparation was led by B.W.G., H.M., E.H. and R.S.; all authors contributed to interpretation of data and writing the manuscript. R.S., N.S., and T.S. had full access to all study data; the corresponding author assumes final responsibility for the decision to submit for publication. Technical writing and editorial assistance were provided by Janet Kavanagh, MS.
